It has long been recognized that heritable factors contribute toward the pathogenesis of coronary artery disease (CAD) and explain its high prevalence in certain families [1] . Population-based epidemiological studies have also confirmed the importance of genetic factors for the development of CAD, albeit indirectly, by establishing family history as an important and independent risk factor for myocardial infarction [2] . For example, in the Framingham Study, a family history of CAD was associated with a 2.6-fold increased risk of CAD for men and a 2.3-fold increased risk for women [3] . It is, therefore, not surprising that when considered together, findings from epidemiological and family studies have suggested that 'genetic risk' may account for up to ∼ 50% of an individual's susceptibility for developing CAD [2]. To define this 'genetic risk', investigators have carried out large-scale analyses of the human genome in the search for genes that predispose some individuals to CAD.
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Genome-wide association studies (GWAS) sought to determine whether or not there were associations between common genetic variants and CAD using a case-control study design. This approach ultimately identified a variant on chromosome 9p21 that was shown to lead to a more than two-fold increased risk of myocardial infarction independent of traditional risk factors for carriers of the allele. As ∼ 4 × 10 9 individuals are estimated to carry one or two alleles, the 9p21.3 variant itself has been considered to be an independent risk factor for CAD [2, 4, 5] . In the GWAS studies that followed, more than 50 genetic loci associated with CAD have been identified; however, they account for only 10% of disease heritability and only 33% of these loci were associated with traditional CAD risk factors [2, 6] . This suggested that although GWAS provide valuable information, they are limited by the technology (microarrays containing prevalent single nucleotide polymorphisms as DNA markers at base pair intervals spanning the genome), the fact that the results do not always provide information on a relevant disease gene, and the low likelihood of detecting rare variants.
Whole-exome sequencing (WES), a next-generation sequencing technology, uses massively parallel sequencing of DNA for high throughput, but focuses only on the exons that encode proteins. Exons comprise only ∼ 1% of the genome, but are believed to harbor ∼ 85% of diseaserelated mutations [7, 8] . The advantage of WES is the ability to detect rare genetic variants that have a huge effect on the CAD phenotype. The power of WES to identify rare CAD-related variants compared with GWAS has been reported. For example, GWAS found frequent variants that mapped near the GUCY1A3 gene in individuals with CAD. This gene encodes the α1-subunit of soluble guanylyl cyclase, which is a key component of nitric oxide signaling and plays a role in regulating vasomotor tone and thrombus formation [9] . In contrast to the GWAS results that identified a loci near GUCY1A3, WES of only three members of an extended family with a high prevalence of CAD found loss-of-function mutations in GUCY1A3 (p.Leu163Phefs*24) and a second gene CCT7 (p.Ser525Leu), which encodes a protein that stabilizes soluble guanylyl cyclase. The presence of both mutations was shown to decrease soluble guanylyl cyclase protein levels and activity in vitro and correlated in vivo with a shorter time to thrombus formation after vascular injury in a mouse model. Individuals that harbored both mutations, presumably with significant defects in nitric oxide-soluble guanylyl cyclase signaling, were found to have a 100% risk of developing of CAD [10] .
Other WES studies in the field similarly focused on finding genetic variants associated with CAD, leading them to ignore the flip side of the coin, namely, to investigate why some individuals are protected from CAD despite the presence of several risk factors. In this issue of CAD, Abramowitz et al. [11] focus on this issue and use WES to identify putative atheroprotective variants. By studying 17 individuals with angiographically normal coronary arteries despite a high burden of CAD risk factors and 17 matched controls with multivessel disease, they found 51 genes with a significant single nucleotide variant burden in patients with normal coronary arteries. Gene ontology mapping showed that these genes are related to the regulation of the JAK-STAT signaling cascade and ventricular development, both of which are biologically relevant to the cellular processes that contribute toward CAD. To identify rare variants, the investigators used a stringent selection process that resulted in the discovery of 19 variants present in 16 genes in patients without CAD that were not present in patients with multivessel disease. Gene set enrichment analysis showed that there was a higher than expected representation in categories related to the cell cytoskeleton and sarcomere assembly. This led to the identification of the candidate genes SPTBN5, NID2, and ADAMTSL4, which all encode proteins that are important for the extracellular matrix, a key factor in vascular health and disease [11] . Although further biological characterization of these genes and variants was beyond the scope of this study, it will be of interest to determine whether or not they are confirmed in other WES studies.
The utility of WES as a mechanism to identify atheroprotective genes is an area of active interest and two other large studies have investigated this concept using different approaches. The first study sequenced the exome of 3734 individuals of European or African ancestry, and found four rare mutations (three loss-offunction and one missense) in APOC3, the gene encoding apolipoprotein C3. This was associated with triglyceride levels that were 39% lower and a risk of CAD that was 40% lower in individuals who are carriers of the variants (approximately one in 150 people) compared with noncarriers [12] . The second study used the rationale that rare variants that led to loss-of-function in known drug targets [i.e. Neimann-Pick C1-like 1 (NPC1L1) protein] and mimicked the effects of cardioprotective drugs (i.e. ezetimibe) would have similar benefits. The study performed WES in 7364 patients with documented CAD and 14 728 control participants and identified 15 inactivating mutations in NPC1L1 that occurred in one out of every 650 individuals. Carriers had significantly lower mean total cholesterol (− 13 mg/dl) and LDL cholesterol levels (− 12 mg/dl) compared with noncarriers, and this was associated with a 53% relative reduction of CAD [13] . Although neither of these targets was identified in the Abramowitz et al. [11] study, this is likely due to differences in the sample size as well as the patient and control populations.
As next-generation sequencing technologies, such as WES, advance and it becomes easier to sequence larger patient populations, there will be a rapid pace of discovery of rare variants linked to CAD. This will likely lead to the identification of genetic profile associated with an increased risk of CAD that is comprised of a panel of genes with rare variants that could also be used to provide a personalized risk assessment. Finally, data from these types of studies could be used to explore the druggable genome and identify drug-gene interactions or find new pharmacotherapeutic targets. It is important, however, to recognize that WES is limited to proteincoding regions and has the potential to miss some genetic contributors to CAD, such as intronic long noncoding RNAs, some microRNAs, and risk-associated loci such as 9p21. Although these are the early days of large-scale WES studies, it is also important to recognize that smaller studies, such as the one by Abramowitz et al. [11] , will make a large contribution toward our understanding of what protects us from and what increases our risk for CAD.
